Aim: To assess whether the outcomes of out-of-hospital cardiac arrest (OHCA) differ between patients treated at tertiary or secondary emergency medical facilities.
INTRODUCTION
O UT-OF-HOSPITAL CARDIAC ARREST (OHCA) is a leading cause of death, and few patients survive with mild or no neurologic deficits. 1 To improve the outcomes of OHCA, the American Heart Association (AHA) guidelines recommend post-cardiac arrest care. 2 However, high-quality post-cardiac arrest care requires abundant medical resources and extensive clinical experience, so it can be difficult for some facilities to meet these guidelines for care.
In Japan, a three-phase emergency medical system is established. Tertiary emergency medical facilities (tertiary facilities) provide medical treatment for severe patients who need intensive care. Some tertiary facilities are certified as critical care medical centers by the Japanese Ministry of Health, Labour and Welfare and can accept emergency and severely ill patients, including those with OHCA. However, many patients are transported to secondary facilities by the emergency medical service (EMS) for a variety of reasons, including hospital location. 3 Currently, however, there is limited information on the differences, if any, of the outcomes of OHCA between patients treated at tertiary or secondary facilities.
Accordingly, our primary objective was to investigate the differences in the outcome of OHCA between patients treated at tertiary and secondary facilities using data from a nationwide registry of patients who experienced OHCA.
METHODS
Patients W E ANALYZED DATA from the Japanese Association for Acute Medicine Out-of-Hospital Cardiac Arrest (JAAM-OHCA) registry, a prospective, multicenter cohort study, for patients registered between June 2014 and December 2015. The design of the JAAM-OHCA registry has been reported in more detail elsewhere. 4 Briefly, the JAAM-OHCA registry enrolls 73 hospitals in Japan that have an emergency department (Fig. 1) . The registry includes all patients who sustained cardiac arrest in a prehospital setting, for whom resuscitation was attempted, and who were transported to a participating institution. The registry excluded OHCA patients who did not receive cardiopulmonary resuscitation (CPR) by a physician, those with inhospital cardiac arrest, and those who refused to participate in our registry, either personally or by family members. Patients who were transported to a participating institution after undergoing any procedures at another hospital were excluded from the registry. For this analysis, we analyzed data for patients aged ≥18 years if CPR was attempted by a physician after hospital arrival, and who were treated at a tertiary (tertiary group) or secondary (secondary group) emergency medical facility.
Data collection
Prehospital resuscitation data were collected from the All-Japan Utstein registry of the Fire and Disaster Management Agency of Japan. The JAAM-OHCA registry collected additional information on patients after hospital arrival, including baseline characteristics of patients and treatments carried out. The following outcomes were also prospectively collected: return of spontaneous circulation (ROSC) status, condition after hospital arrival, 1-and 3-month survival, and neurological status at 1 and 3 months after OHCA using the Glasgow-Pittsburgh cerebral performance category (CPC) scale. The CPC scale is a five-category scale in which categories are defined as: 1, good cerebral performance; 2, moderate cerebral disability; 3, severe cerebral disability; 4, coma or vegetative state; and 5, death or brain death. The neurological status of survivors was evaluated at 1 and 3 months after the event by medical staff at each institution. For the purpose of this study, a favorable neurological outcome was defined as a CPC score of 1 or 2. The primary outcomes of the present study were the proportion of patients with favorable neurological outcomes at 1 and 3 months after OHCA. Secondary outcomes included ROSC status, condition after hospital arrival, and 1-and 3-month survival.
Statistical analysis
Assuming that the proportions of patients with favorable neurological outcomes in the tertiary and secondary groups would be 3.0% and 1.0%, respectively, 5 and the ratio of registered patients is 10:1, we calculated that at least 6,427 and 643 patients, respectively, are needed to detect a difference between the two groups with a power of >90%.
Data are shown as the median and interquartile range for continuous values, and as percentages for categorical values. Missing data were not imputed. Continuous variables were compared between the two groups using Mann-Whitney Utests and categorical variables were compared using Fisher's exact tests. Multivariable logistic regression analysis was undertaken to investigate the association between the type of emergency department and favorable neurological outcomes at 1 and 3 months after OHCA with adjustment for covariates. Baseline variables and the type of emergency department were included in the logistic regression model to predict the outcome variables (favorable neurological outcomes at 1 and 3 months after OHCA). The threshold of significance was set at P < 0.05. Statistical analyses were carried out using SPSS software version 22.0 (SPSS, Chicago, IL, USA).
RESULTS
A TOTAL OF 13,491 patients with OHCA were registered in the JAAM-OHCA registry between June 2014 and December 2015 ( Fig. 2 ). Excluding 319 patients aged <18 years, 307 patients who were not resuscitated by physicians after hospital arrival, and 29 patients who were transferred to another type of emergency medical facility, 12,836 patients (11, 583 in the tertiary group and 1,253 in the secondary group) were eligible for this analysis. Table 1 shows the characteristics of the participating facilities, which comprised 55 tertiary and 16 secondary facilities. The total bed capacity, intensive care unit bed capacity, and annual expected number of OHCA cases were significantly greater for tertiary than secondary facilities. The numbers of physicians and nurses who treat OHCA patients were similar between the two groups, except for the number of nurses available in the daytime, which was significantly lower at tertiary facilities. Regarding the specialism of physicians involved in the treatment of OHCA patients, acute care physicians and intensive care physicians were more frequently involved in treatment at tertiary facilities than at secondary facilities. Extracorporeal cardiopulmonary resuscitation (ECPR) and targeted temperature management for OHCA were available at significantly more tertiary hospitals than at secondary facilities. Table 2 shows the baseline characteristics, advanced treatments provided in hospital, and the outcomes of patients treated at both types of facility. The median age of patients and proportion of patients with cardiac causes were significantly lower in the tertiary group compared with the secondary group. The proportion of male patients was significantly greater in the tertiary group compared with the secondary group. In the tertiary group, the proportion of patients with witnessed OHCA and those who underwent shock with a public-access automated external defibrillator were significantly higher than in the secondary group. Regarding first-documented rhythm, the proportion of patients with ventricular fibrillation/pulseless ventricular tachycardia at EMS arrival was significantly greater in the tertiary group, as was the proportion of patients with a detectable pulse on hospital arrival. The proportion of patients who departed from the scene of onset by ambulance or helicopter with a physician was also significantly greater in the tertiary group. The time from call to EMS arrival was similar in both groups, but the time from call to hospital arrival was longer in the tertiary group than in the secondary group.
Regarding advanced treatments provided in hospital, we found that tracheal intubation, extracorporeal life support, intra-aortic balloon pumping, coronary angiography, percutaneous coronary intervention, and target temperature management were carried out in significantly more patients in the tertiary group than in the secondary group, but the rate of defibrillation was similar in both groups. Regarding drug treatment during cardiac arrest, adrenaline and atropine were given to significantly more patients in the secondary group than in the tertiary group.
Regarding the outcomes of patients, the 1-month survival rate was significantly greater in the tertiary group than in the secondary group (9.2% versus 6.1%, P < 0.001). The proportions of patients with a favorable neurological outcome at 1 (4.7% versus 2.0%, P < 0.001) and 3 (3.5% versus 1.6%, P < 0.001) months after OHCA were both significantly greater in the tertiary group than in the secondary group. Table 3 shows the results of the multivariable logistic regression analysis for favorable neurological outcomes at 1 and 3 months after OHCA. Even after adjustment for the baseline characteristics of patients, admission to a tertiary facility was independently associated with favorable neurological outcomes at 1 (odds ratio, 2.856; 95% confidence interval, 1.429-5.710; P = 0.003) and 3 (odds ratio, 2.462; 95% confidence interval, 1.203-5.042; P = 0.014) months after OHCA.
DISCUSSION
I N THIS ANALYSIS of a nationwide, multicenter, prospective registry of OHCA patients who were transported by EMS personnel to participating hospitals, patients transported to a tertiary facility showed significantly better neurological outcomes at 1 and 3 months after OHCA as compared with patients transported to secondary facilities. Admission to a tertiary facility was independently associated with favorable neurological outcomes at 1 and 3 months after OHCA; this association remained after adjusting for the patients' baseline characteristics. Consistent with a previous report, 3 our results indicate that the type of emergency department to which a patient is admitted after OHCA influences their prognosis. The 2010 AHA guidelines included post-cardiac arrest care in their chain of survival concept in order to improve the outcomes of OHCA because of the increasing importance of systematic care and advances in the multispecialty management of patients following ROSC that can affect neurologically intact survival. 6 The importance of post-cardiac arrest care was further emphasized in the 2015 AHA guidelines. 2 Recommended post-cardiac arrest care Tables 1 and 2 , the tertiary facilities had greater medical resources than secondary facilities, and greater proportions of patients treated in tertiary facilities underwent critical care interventions than patients treated in secondary facilities. These features of tertiary facilities might contribute to the improved neurological outcomes of patients treated in such facilities. Several observational studies have shown that high-volume centers are associated with more favorable outcomes. 7, 8 For example, in an Austrian, prospective, multicenter registry study, hospitals that treated more than 100 OHCA patients/year were associated with better neurological outcomes than lower-volume hospitals. 7 Similarly, a Korean nationwide, population-based surveillance study showed that high-volume emergency departments that treated more than 69 OHCA patients per 2 years was associated with better survival to discharge than lower-volume emergency departments. 8 High-volume centers have the advantage of greater staff experience and could have established protocols for post-resuscitation care. As shown in Table 1 , the tertiary facilities included in the JAAM-OHCA registry treated a greater volume of OHCA patients compared with the secondary facilities, and this might contribute to the improved outcome in the present study.
To develop a strategy for optimizing the management of patients with OHCA, it is important to investigate whether the outcomes of OHCA differ according to the type of medical facility. Several reports showed better outcomes after implementation of EMS bypass of non-cardiac arrest-receiving centers. 9,10 However, there is a limited number of tertiary facilities and accessibility could be a problem, depending on where the OHCA occurs. The safe transportation time, distance, and optimal mode of transportation for patients with OHCA are not known. 11 Bypassing hospitals might also have a negative impact on the skills and morale of staff as well as their reputation. In addition, longer delays for EMS to arrive and longer transportation times are becoming problematic in Japan due to increasing demand, 12 and bypassing the closest hospital could exacerbate this situation.
Despite these issues, Tagami et al. 5 reported that the neurological outcomes of patients improved after implementation of the fifth link of the "chain of survival" concept (i.e., advanced life support and post-cardiac arrest care). After implementing this link, all patients were directly transported to a tertiary facility, or indirectly transported to a tertiary facility by way of a local secondary hospital after ROSC.
Their results are consistent with our findings in term of the improved outcomes of patients treated at tertiary facilities, and their strategy could be feasible in other regions of Japan. Therefore, a two-sided strategy consisting of direct transportation of the patient to a tertiary facility after OHCA or indirect transportation to a tertiary facility by way of a local secondary facility after ROSC could be reasonable.
There are some limitations of this study. First, the participating facilities represent a small proportion of facilities in Japan. During the study period, approximately 180,000 patients experienced OHCA in Japan, 12 but the JAAM-OHCA registry contained only approximately 7% of patients in the All-Japan Utstein registry. In particular, the registry includes a very small number of secondary facilities, and the total number of secondary facilities is much larger than that of tertiary facilities in Japan. However, because only institutions with JAAM members participate in the registry, the secondary facilities in this study are likely to provide more advanced medical care than general secondary facilities. Therefore, it is somewhat surprising that we observed such a profound difference in patient outcomes between the secondary and tertiary facilities included in the present study. Second, hospital selection bias might exist. Patients expected to have favorable neurological outcomes are perhaps more likely to be transported to a tertiary facility. Although we adjusted for the baseline characteristics of patients, other unmeasured and unadjusted confounding factors might exist because this study was not a randomized controlled trial. Finally, because the participating facilities are located in Japan, our findings cannot be applied to the management and outcomes of OHCA in other countries. However, the results of observational studies carried out in various countries support the use of specialized cardiac resuscitation centers for treatment of OHCA patients. 2, 13 CONCLUSIONS T HIS ANALYSIS OF JAAM-OHCA registry data collected between 2014 and 2015 revealed that the neurological outcomes of patients treated at a tertiary facility after OHCA were better than those of patients treated at a secondary facility. We believe these findings should be helpful in the future development of strategies for responding to OHCA patients in order to improve their outcomes.
